Abstract. There are cities or regions with legal red-light districts in both developed and developing countries, but there are also regions or countries with no clear rules regarding prostitution. Financing issues in red-light districts represent another aspect rarely examined in the academic world. Most research studies about redlining are focused on racial or poverty levels, but this paper investigates it in relation to moral issues concerning vice activities. The objectives of this paper are to firstly analyse the red-light phenomenon in relation to sales prices and rent prices, secondly to test the redlining effect on property markets. This paper contributes to the current academic literature. The research setting of this paper is Geylang, Singapore, a place known for its centralized location, 24/7 stores, historic locales and prostitution-related business. The results indicate that the existence of Singapore's red-light district has a negative effect on both residential purchase prices and rent levels. The results also indicate that there exists a redlining effect since the home prices have a much higher discount than rents.
Introduction
Numerous empirical studies have investigated a rich variety of aspects of housing characteristics over the years, including structural, neighbourhood and locational attributes in the process of property valuation. Urban geographers, in the larger picture, take human behaviour into consideration. One major aspect, the urban social environment, has played an increasingly important rolenot only in the real estate industry but also in the field of sociology. As for the urban social environment, variables such as safety level, crime rate and racial clustering have been studied. One grey area, however, has largely escaped attention, namely prostitution and its direct and indirect effects on the surrounding so-called red-light district.
There are cities or regions with legal red-light districts in both developed and developing countries, but there are also regions or countries with no clear rules regarding prostitution. It is undeniable than street prostitution affects the entire surrounding area in certain ways. Most research articles on red-light districts are written in the fields related to sociology, crime, trafficking and human rights, but few are written in relation to the real estate industry. Financing issues in red-light districts represent another aspect rarely examined in the academic world. Research on the granting of mortgages in controversial regions should include an examination of redlining. As discussed in more depth in the literature review section (Section 1) of this paper, redlining is the exclusion of certain financial services that provided in the specific area for various reasons. Many papers investigate the causations from the view of racial and poverty level, but this paper examines it in relation to moral issue, which are the prostitution activities.
The objectives of this paper are to analyse the redlining phenomenon in relation to sales prices and rent prices in the study area and to test the redlining effect on property markets; contribute to the current academic literatures. The research setting of this paper is Geylang, Singapore, a place known for its centralized location, 24/7 stores, historic locales and prostitution-related business.
To fulfil these objectives, this paper examines 1,414 transaction records of condominiums and apartments developed by private companies that were caveat lodged by actual processed law firms from March 2014 to March 2016. In addition, 914 pieces of rental data posted by certified residential agents are collected from Propertyguru, one of the largest real estate websites, as well as interviews and realty practices from financing institutions, to find out the spillover effects of the red-light district in Geylang, Singapore, on prices in both purchase and rental markets for residential properties and on financing methods.
The results indicate that the existence of Singapore's red-light district has a negative effect on both residential purchase prices and rent levels. The results also indicate that there exists a redlining effect since the home prices have a much higher discount than rents. This study may provide developers, home buyers and tenants with a better understanding of the current housing market in this grey area and may be used as a guide for institutional or individual investors. This paper is organized as follows: Section 1 describes the literature review of red-light district and redlining applications. Section 2 introduces the study area and presents two hypotheses. The methodology of hedonic regression is outlined in Section 3. The empirical analysis, including data and results, is presented in Section 4. The findings and policy applications are summarized in the last section.
Literature review

Nature of Red-light district
Red-light zones are recognized as a cluster of retail service, just like other antiques district or specialist districts (Ryder, 2004) . Those areas are often found in one or in limited number of locations in older cities with a long history. Examples of such areas can be found alongside business centres in major metropolitan areas, but also in connection to gateways to cities such as railway stations, bus terminals and harbour areas. In some cities, red-light areas are scattered outside the cities in the suburbs or along the highways, while in other cities the red-light areas are more concentrated to specific districts and aiming for certain types of markets (See Del Casino Jr & Hanna, 2003; Hubbard, 2004; Ryder, 2004) .
In most countries, prostitution is considered illegal; however in the Netherlands, Germany, the state of Nevada (US) and Singapore, the authorities allow licensed brothels to operate with specific restrictions. But countries such as Japan and Thailand, which officially have prohibited prostitution are still known for their red-light districts and related businesses. Thus, the effects of those anti-prostitution laws are under debate (Neave, 1988; Jakobsson & Kotsadam, 2013) .
Other topics of red-light districts include aspects such as landscapes of street prostitution in Western European cities (Ashworth, White, & Winchester, 1988) , issues of social and cultural exclusion , workforce components of the industry (Hubbard & Whowell, 2008) , historical and regulation updates of red-light district (Aalbers & Deinema, 2012) , economic gap of cross country prostitution (Marttila, 2008) .
Redlining application
Redlining is a form of place-based exclusion of certain financial services such as mortgages. The existence of redlining is widely documented in the United States (Aalbers, 2005a; Aalbers, 2009) and can be considered as a form of lending discrimination.
Early research studies focused on the poor or the nonwhites (Holloway, 1998) ; the racial and income composition in certain neighbourhoods in the United States (Ross & Tootell, 2004) ; social discriminations (Nesiba, 1996) and lack of confidences of a certain neighbourhood and denied the loan applicants, which reflect a dynamic urban decay in some cases (Kantor & Nystuen, 1982) . However, redlining can also affect the non-poor and the whites. Thus, the problem cannot be simplified by studying poverty or racial discrimination (Sibley, 1995) . It should be considered as the geography of social exclusion (Kasinitz, 1999) . For example, research has shown that for various reasons, many banks are not willing to provide financial services to those in the South Bank area of Rotterdam. Only small financial institutions still grant loans in this area, but this process involves uneven conditions such as much higher interest rates, higher down payments, shorter funding periods and restricted restructuring rules (Aalbers, 2005b) .
In Amsterdam, redlining does take place -not based on the consideration of mortgage repayment but rather on the availability of insurance. Insurance coverage rates among postal code areas were analysed and concluded that the area containing the red-light district in Amsterdam has different insurance implications (Aalbers, 2005b) . By excluding certain neighbourhoods, insurance companies cause loan rejection: "no insurance, no mortgage" (Wagenaar, 1989 , as cited in Aalbers, 2005b ).
Studies on Singapore's housing market
A number of articles have applied hedonic regression as a means by which to analyse the private housing market in Singapore, covering aspects such as valuation, law, financing and architecture. Structural variables (e.g. size, age, level, green labelling; Deng, Li, & Quigley, 2012) , neighbourhood variables (e.g. proximity to health services churches and schools) and locational variables (e.g. proximity to ECP-East Coast Parkway, MRT and CBD) have been mentioned and studied in the research (Agarwal, Koo, & Sing, 2015) . In terms of loan financing, most papers have discussed the role of CPF-Central Provident Fund, the impact of government policy and the influence of foreign cash flow (Phang & Wong, 1997; Phang, 2001; McCarthy, Mitchell, & Piggott, 2002) . None of the studies, however, have touched on the practice of redlining. As for the famous/infamous areas of Singapore, such as Little India, Chinatown and Geylang, most articles have examined aspects of urban development, ethnic heritage and social problems such as trafficking (Lee, 1996; Yea, 2013) .
Study area: Aljunied subzone, Geylang, Singapore
Singapore's low crime rates and high healthcare standards contribute to its being deemed the safest city in the AsiaPacific region which have helped make Singapore one of the most desirable countries in which to live, attracting numerous investments from all over the world as a consequence (Mercer, 2016) . However, it may be a surprise for investors and travellers to learn that prostitution is legal in Singapore as most people think of Singapore as a country that has ultrastrict laws and is spotless and conservative.
There are five planning regions and 28 districts in Singapore. The Geylang planning area is located on the eastern edge of the Central Region and is steps away from the central business district (CBD) of Singapore, see Figure 1 . It is a 10 km 2 region with approximately 150,000 residents.
The Aljunied planning subzone is the most famous subzone of the five subzones in the Geylang planning area; it is close to two major highways and Mass Rapid Transit (MRT) links. The area is 2.95 km 2 with around 42,000 residents and is well-known for durian shops and overnight restaurants. Geylang Road locates at the centre of Geyalng area, which has a history that could be tracked back to 1842, with odd-number lanes (namely "Lorong" in Malay) in the north and even-numbered lanes (for example Lorong 2 and Lorong 4) that locates in the south. This area is also the main red-light district in Singapore. Prostitution activities are centred along Geylang Road and various other even-numbered lanes, together with commercial shops, temples, churches, mosques, residential apartments and even schools, see Figure 2 . Prostitution can be considered a major urban activity that affects other social, economic and political functions of an area. In general, there is a degree of ambiguity associated with whether prostitution activities in Singapore are legal. In fact, the authorities have legalized prostitution in certain areas, keeping it somewhat under control. The police unofficially tolerate and monitor "certified brothels" (Chin, 2013) . Regulated brothels in even-numbered lanes carry on these activities and oversee that all sex workers undergo periodic health checks and have special work permits, the so-called "yellow card" (Lim, 2004) . In addition to yellow card holders, freelancers and street workers -mostly foreigners from Thailand, Indonesia and China with tourist visas -contribute to the main sex industry workforce, and their activity is totally illegal (Kitiarsa, 2008) . When the sun sets each evening, thousands of street workers appear, standing shoulder to shoulder along Geylang Road and dark even-numbered lanes.
It is undeniable that the nightlife industry makes a substantial contribution to the Geylang zone's economy. However, for a country that is well known for its cleanliness, beauty and low crime rates, Singapore's prostitution activity may surprise visitors and may even be ignored by residents who live nearby.
The real estate industry in Singapore is highly integrated in terms of planning, policymaking, rulings and so forth (Phang, 2001) . Approximately 86% of Singaporeans live in public housing developed by the Housing and Development Board (HDB, 2017; Lum, 2002) , and 80% of the land in Singapore is owned by the government, including residential and commercial projects developed by both the government sector and private developers. Since the 1980s, the government has encouraged HDB owners, foreigners and unqualified HDB buyers to purchase from the private market (Chua, 2000) . Getting into the private housing market is viewed as the ultimate goal of Singaporean owner-occupiers' housing careers (Tu, 2004) .
There are two types of financing systems: one for the HDB and the other for the private residential market. The government is the major player in HDB financing, with commercial banks serving rich local or international buyers of private apartments (Bardhan, Datta, Edelstein, & Sau Kim, 2003) . In the Geylang zone, all HDB houses are located away from Lorongs and Geylang Road. The government reserves and plans this area for mainly private residential sites and commercial sites.
With its golden location and convenient services, this area should be a more attractive location for property buyers than it currently is. However, there are indications that this situation could change in the future. In January 2015, the Urban Redevelopment Authority collected feedback and advice for rezoning of the Geylang area from Lorong 2 to Lorong 24, which is considered the centre for vice activities (URA, 2015) . As shown in Figure 2 , hotels and motels are also concentrated in these areas (as shown in area 1). According to interviews with mortgage specialists from two local banks, DBS Bank and United Overseas Bank (UOB), residential properties that are located in even-numbered lanes from Lorong 2 to Lorong 22 are absolutely restricted for home financing from all local banks and most foreign banks, which means that mortgage specialists could reject the case on the spot without a risk officer's review due to moral and ethical concerns. Foreign banks (e.g. Maybank and RHB Bank) and other financial institutions (e.g. Hong Leong Financial Group and Singapura Finance) could provide 50% to 70% financing, on a case-by-case basis (e.g. customers' relationship with the bank and reputation of the developers). However, the implications associated with the process of rezoning might prompt commercial banks to reconsider their current policies in these areas.
For properties located in even-numbered lanes from Lorong 24 to Lorong 38 as shown in Figure 2 , certain banks require photographs of both daytime and nighttime surroundings for risk assessment. The approval rates largely depend on the bank's current policy, the customer's profile (relationship with the bank) and the developer's profile (local banks may have special tie-in packages up to a limited number of units for certain developers as a form of relationship support). After the rezoning proposal come out, new projects in this area will have the opportunity to receive normal financing from local banks as a support for this transformation.
For properties that are located in odd-numbered lanes from Lorong 1 to Lorong 41, evennumbered lanes from Lorong 40 and above and Geylang Road are generally not affected by financial constraints. However, certain banks (e.g. DBS) may require photographs of the subject property from time to time. This paper proposes two hypotheses, based on the uniqueness of this study area. The first hypothesis is that homes that are located in the centre of red-light district (Area 1, see figure 2) have the lowest price per square foot (PSF) and the lowest rent per square foot (RSF) compared to homes in areas with no red-light districts. The second hypothesis is that there exists a redlining effect in the redlight district. As the study area is relatively small, properties that are located in Areas 1, 2 and 3 are basically sharing the same or similar neighbourhood amenities such as schools, restaurants, hospitals and recreational attractions. Area 3 could be considered a mirror of the combination of Area 1 and Area 2. Both the PSF and RSF differences between Area 3 and Area 1 reflect the spatial impact of being located in the red-light district. However, if the difference in the PSF is much larger than the difference in the RSF, this might indicate the influence of redlining, as rent prices are not affected by financial constraints but purchase prices are.
Methodology
Every rental or purchase contract can be considered an equation in a supply and demand model in the market, with sales prices and rent prices being determined based on a collection of attributes such as structural variables, neighbourhood variables and locational variables. The hedonic pricing model is the most commonly used tool for analysing the relationship between the housing price and its attributes. Different functional forms have been widely mentioned in the literature.
The semi-logarithmic form is one of the most popular and largely applied functional forms that is recommended in the literature on the hedonic price model. In this paper, the natural logarithm of y is taken as a dependent variable. The basic model is described as follows:
where: ln(Y) is a dependent variable, which means a vector of logarithm property prices or rent prices; S is a matrix of structural attributes (e.g. size, number of rooms, age); N is a matrix of neighbourhood characteristics; L is a matrix of locational data (e.g. distance to certain locations); and ε is a vector of the error term.
Collinearity occurs when there are correlations among independent variables, and it will increase the standard errors among coefficients. It will affect the significance of independent variables as correlation will offset the impact of one other. The variance inflation (VIF) test was performed in Stata to detect collinearity in the models.
Another ordinary least squares (OLS) assumption is that the variance of the error term is constant, ( ) 2 j ε = σ , for all observations. Robust OLS was performed in Stata to control for heteroscedasticity.
According to Fahrländer (2006) , real estate is heterogeneous because properties cannot be moved, and this characteristic leads to "locational differences". The similarity of building structures and geographical spatial dependence among properties always produce positive spatial autocorrelation problems (Wilhelmsson, 2002) . However, as the study area is only 2.95 km 2 , all projects share the same or similar neighbourhood and locational variables; spatial dependency may not bias the results. Moran's I, a test for spatial autocorrelation, was performed to overcome this issue.
To test the equality of two regression coefficients from two different regression models (price regression model and rents regression model respectively), a standard Z-test is performed.
In addition to quantitative approaches, interviews were conducted with various stakeholders and relevant parties in the real estate industry, such as real estate agents, mortgage specialists from both local banks and foreign banks and mortgage brokers, to gain a better understanding of this area and the current housing situation.
Empirical analysis
Data
There are two main residential property markets in Singapore: the HDB market and the private market. The government of Singapore runs the HDB with strict regulations and controls; thus, the HDB market is excluded from this paper.
Two data sets, covering both sales and rental markets, are used in this paper. The first is a cross-section data set on all private residential apartment and condominium transactions in the Aljunied subzone from March 2013 through March 2016. Data on individual property prices, PSF and structural-related information (e.g. size and number of bedrooms, number of bathrooms, property age, floor level, completion status, and transaction period) were all gathered from the Urban Redevelopment Authority (URA) of Singapore, which is the national urban planning and management authority of Singapore. All records are caveats lodged by registered lawyers who handled the case.
The second data set contains information about the rental markets of the transacted projects in the first data set. This data set is web-clawed from www.propertyguru. sg, one of the leading real estate advertisement websites with postings by certified real estate agents. The rental price obtained from the website is the guided price, the final price are signed privately between the owner and the tenant. The bargaining space are not much and generally based on their own agreement such as whether the utility cost is included, quality of the room at the visiting day, etc. In total there are 9 rounds of cooling measures, 7 out of 9 were introduced before this paper's sample period. Round 8 was introduced in June 2013 namely MAS introduces Debt Servicing Framework for property loans, which is the beginning period in the sample 1 .
Detailed Geographic Information System (GIS) coordinates of each record were captured using the World Geodetic System 1984 (WGS84) coordinates system to calculate the distance between subject properties and other geographic reference points.
As displayed in Tables 1 and Table 2 , there are two panels used in this paper. For Panel A (Table 1) , 1,414 transactions from March 2013 through March 2016 in the Aljunied subzone corresponded to 92 private residential projects. The minimum purchase price was around SGD 317,962, and the most valuable unit was sold for SGD 2.5 million. The average sales price was SGD 814,008. Most properties sold in the range of SGD 650,000 to SGD 980,000, with some outliers selling for over SGD 2 million. The PSF is the most common variable used by locals to compare prices; in this data set, the average property PSF in the Aljunied subzone was around SGD 1,280, and most of the properties were sold in the range of SGD 1,150 to SGD 1,450. The logarithm transformation of PSF is chosen as a dependent variable. In addition, the expected signs of the estimated coefficients are shown in Table 1 . End of Table 2 All variables used in the hedonic regression for the rental market, with the expected signs of the estimated coefficients, are displayed in Table 2 . The average rent price was about SGD 2,307 in the area studied. The expectation is that the RoomType dummy variable will have an impact on rent prices and the rent per square foot (RSF). That is, a larger apartment will charge a higher rent price but a lower RSF. As for the Geylang dummy variable, if Hypothesis 1 holds, the RSF should be much lower in Area 1 and Area 2. If Hypothesis 2 holds, there should be a big difference in the coefficients of the Geylang dummy variables for regressions from Panel A and Panel B. The natural logarithm of RSF is used as a dependent variable, based on the Box-Cox test. 2
Results and discussion
As constrained by dataset, this paper performed a crosssection hedonic regression instead of difference-in-difference analysis. The hedonic regression results for both property and rental markets are presented in Table 3, Table 4 and Table 5 . Based on the goodness-of-fit criteria, the standard 2 R is used to guide the choice for specification of the OLS model. Because the natural logarithms of PSF and RSF are used, the estimated coefficients of the explanatory dummy variables are in semi-logarithmic form. The true value of the percentage impact is calculated based on Halvorsen and Palmquist's (1980) method, using formula 2 Moran's I is around 0.4. Weight matrix = k Nearest Neighbours (kNN) algorithm (k = 15). Three spatial models were performed in MATLAB: the spatial autoregressive model (z value of rho is 0.87, not significant), the spatial error model (lambda = 0.66, significant) and the spatial Durbin model (SDM). The SDM has the highest loglikelihood value, so the SDM fits best. However, the coefficients from the SDM are not significantly different from the OLS as the study area is very small. (e β -1) · 100, where β is the estimated coefficient of dummy variables. To test the equality of the two regression models, a manually z-test has been performed. According to the statistical result shown in Table 5 , their differences are significant.
Basic variables of the property market
For the property market, the OLS model explains approximately 85% of the variance in PSF, and most of the parameters have the expected signs, see Table 1 and Table 3 . Size is expected to have a negative relationship with PSF because the kitchen and bathrooms are the most expensive parts in the construction and developers tend to price smaller units higher for maximized overall profit. Although the estimated variables have the expected signs and are significant, a larger impact is expected. As shown in Table 1 , most apartments transacted in Panel A are smaller than 800 ft 2 , with a mean of 675 ft 2 . There are a greater number of smaller units in the observations, leading to a less obvious impact of size on PSF.
A similar result is found for the age of the apartment, with a one-year increase in the property's age leading to a 2% decrease in its PSF. The sign of the BUC is different from what is expected. Normally, BUC properties are sold at a discount to attract buyers because the buyers have only plot plans and floor plans on which to make their decision to purchase. However, in the study area, BUC properties were transacted at a 9% premium. This is also a positive sign, showing customers' confidence in future markets. Properties located on higher floor levels have higher property values. Compared with units on floor levels 1 to 5, buyers pay 8% more for units on floor levels 15 to 20 because units on higher floor levels have better lighting, less traffic noise pollution and better views.
Private residential properties can be classified into one of two types based on site area and number of functional common facilities. Only projects with full facilities such as tennis courts, swimming pools and larger site areas can be defined as condominiums, otherwise they are apartments. According to the regression results shown in Table 3 , if the property of a project is classified as an apartment, there is an 11% discount compared with a full facility condominium.
There are two types of ownership: freehold properties and 99-year leasehold projects. Freehold properties are generally more valuable than leasehold properties but are mostly apartments, whereas leasehold projects are always developed by well-known developers and have a better location and are of better quality. A leasehold apartment is taken as the default dummy variable. Freehold condominiums are sold around 10% more, and leasehold condominiums are the most valuable properties in the data set.
The MTH locational variable measures the distance in metres to the nearest hotel: the closer the distance to the hotel, the higher the chance of witnessing street sex workers at night. The sign is negative as expected, but the impact was very small, perhaps because of the limited size of the study area. The coefficient of variable y shows that in the Aljunied area, properties on the west side are more valuable than those located on the east.
Basic variables in the rental market
As shown in Table 4 by the hedonic regression results of data set "Panel B: Rental Records" (Table 2) , the robust OLS model explains 80% ( 2 79.5% adj R = ) of the variance in rental prices.
Similar to the property market, an increase in size and age will lead to a lower RSF. Compared with the property market, age has a greater effect on the RSF. One possible reason is that all projects under construction are not available in the market and for existing projects. Tenants prefer to rent new apartments because of their better facilities and living conditions. Utility bills are generally not included in rent prices, and tenants pay for them monthly.
The nine estimated coefficients of the RoomType dummy variable reflect the owners' rental conditions for different room types. Of the 10 RoomTypes, renting a bed in a shared room (RoomType 7) is the most profitable rental arrangement for a landlord, with an increase of over 60% compared with renting an entire one-bedroom apartment (one bedroom and one living room) with one shower (RoomType 1). The least profitable arrangement for a landlord is RoomType 2 (one-bedroom apartment with two showers), in which the entire unit is rented. Compared with RoomType 1, RoomType 2 has a 12% decrease in RSF. Tenants pay less because in such a limited space, the increase in the number of bathrooms or showers will reduce the utility of the living space. RoomType 9 is a maid's room and could also be a boom shelter with or without a window, a proper door or a private bathroom. Normally, the maid's room is 40 ft 2 to 60 ft 2 . As shown in the regression results, this is the second most profitable rental arrangement for a landlord. The RSF for renting an entire apartment with more than three bedrooms and two bathrooms ranks the third highest, with a 39% increase compared with RoomType 1. The higher values of estimated coefficients for RoomTypes 7, 8, 9 and 10 show that renting rooms is the most profitable rental arrangement for landlords. Larger apartments with more bedrooms and bathrooms can be rented in different ways, such as renting to a second-hand landlord who then rents beds or rooms separately to earn the difference in rent.
Red-light district attributes
The estimated coefficients of the dummy variables show the same signs as expected, see Table 1, Table 2 and Table 5. Geylang 1 is the dummy variable for properties located along even-numbered lanes from Lorong 2 to Lorong 22. This area has many hotels and motels (Figure 2) , and at night, streetwalkers stand shoulder to shoulder in this area, waiting to engage in conversation. Interviews with Martin Gu, a regional senior real estate agent from PropNex (one of the leading real estate agencies in Singapore and Southeast Asia) revealed that among four red-light district-related attributes, residential properties located in Geylang 1 have the lowest PSF and the lowest RSF. The regression result indicates that the existence of red-light districts negatively influences the regional residential housing market, as assumed.
Properties in this area are under restricted financing. In general, commercial banks are unwilling to provide mortgages in a vice area because of certain concerns such as low turnover rate, low transaction volume, potential money laundering risk and reputation. To enter the market, buyers must either pay fully in cash or turn to other financial institutions for help, such as Hong Leong Finance and Singapura Finance, with higher (perhaps more than twice as high) interest rates. According to interviews with Helen Hu, a senior female agent from PN who is a rental market specialist in this area, owners in this area buy properties for investment purposes, and some buyers prefer to use the same agent during the transaction process to find the tenants and are more flexible about the criteria for potential tenants (e.g. they allow lease times of less than one year, allow residents to partition rooms and limited investigation of tenants' occupations).
The Geylang 2 dummy variable refers to properties located along the even-numbered lanes from Lorong 24 to Lorong 38, see Figure 2 . In the property market, there is a 4% increase in the PSF for properties in Geylang 2 compared with those that are located in the red-light district, and the premium is highly substantial. In the rental market, there is also an increase in the RSF for rental properties in Geylang 2 (of around 3%), see Table 5 . Although the coefficient is not significant at 5%, a 95% confidence interval (CI) falls into a range from −0.01 to 0.07, representing a range of only a 1% decrease in RSF to a 6% increase, see Table 4 . The coefficients of both sale and rental properties located in and near the red-light district reflect that Hypothesis 1 holds -that is, proximity to the redlight district negatively affects both property and rental markets.
The areas of Geylang 1 and Geylang 2 are split by Aljunied Road, a main traffic road with many bus lanes connecting to the CBD and east coast areas, see Figure 2 . In addition to working in licenced brothels, most street sex workers are mobile and walk to Geylang 2 to minimize competition and to avoid police checks. This area could also be considered as a spatial spillover of the main redlight district.
Geylang 2 has also been rezoned, and it is soon to be transformed from a residential area into commercial sites. To support the government's policy, local banks such as DBS and OCBC are ready to finance some of the projects, providing up to 80% financing for qualified buyers up to a certain number of units (e.g. financing for 10 units of a residential project with 50 units in total).
According to interviews with the senior mortgage specialists from DBS Bank and UOB Bank, loan approval in this area is very subjective. Generally, the risk assessment takes three aspects into consideration: the characteristics of the apartment, the profile of the borrower and the reputation of the developer (relationship with the developer). Risk control department sometimes require the mortgage specialist to submit photographs of the street, for both day and night, as a reference for analysing the risk of selling if foreclosure happens in the future. What's more, the relationships between banks verses customers and banks verses developers also matter. As for Geylang 3, the odd-numbered lanes from Lorong 1 to Lorong 41, the even-numbered lanes from Lorong 40+ and Geylang Road (which splits odd-and even-numbered lanes), are the areas that are adjacent (and closest) to the central red-light zone, see Figure 2 . The estimated coefficients for both the property market and the rental market are significant and robust. Location wise, Geylang 3, which is adjacent to the red-light district, could be considered a mirror of the combination of Geylang 1 and Geylang 2. But for Geylang 3, current home financing constraints do not exist in this area for all banks; that is, customers can borrow up to 80% of the valuation price from both local and foreign commercial banks.
The coefficients of Geylang 3 for the property market and the rental market capture the effects of both locational and neighbourhood variables as shown in Table 5 . The PSF and RSF in Geylang 3 are much higher than those in Geylang 1, with increases of 14% for the PSF and 7.6% for the RSF. The difference between the rental market and the property market is obvious -around 6.4%, which means that properties that locate is Geylang 1 has a 6.4% lower PSF than RSF. Given the current redlining practice in Geylang 1, this result might indicate that redlining could be one of the factors influencing the property purchasing market, where Hypothesis 2 holds.
Properties in Geylang 4 are far away from the redlight district and are not affected by home financing constraints. According to the coefficients of Geylang 4 for the property market and the rental market, the PSF and the RSF increased by 12% and 13%, respectively, compared with properties in Geylang 1.
Summary and conclusions
The existence of Geylang, the large, vibrant red-light district located just outside Singapore's CBD has its roots in an earlier age when there was a mainly inward migration of men to Singapore. Policies related to prostitution have been developed several times in the past century by British colonial and Singaporean governments. Currently, brothels are tolerated in certain zones in Geylang. In addition to an increasing number of police officers patrolling the area on foot, new surveillance cameras have also been installed in dark lanes to deter vice activities.
There are 40,000 residents living in the Aljunied subzone. Most vice activities are carried out in the Geylang area. Many countries have criminalized prostitution, and its existence has always been associated with a bundle of problems that negatively affects the quality of life within communities, and the impact of these problems may also spread to adjacent areas. This paper examines the following: the influence of red-light areas on property and rental markets, and the impact of redlining on these grey areas.
Two panels of data covering both sales and rental markets were used: the hedonic model was applied to 1,414 records of apartment and condominium transactions from March 2013 through March 2016 for sales markets analysis, and 912 records from the PropertyGuru website were selected to analyse the rental markets.
Our results indicate that the existence of Singapore's red-light district affects both residential purchase and rental markets and has a spatial spillover impact on the neighbourhood. The properties located in even-numbered lanes from Lorong 2 to Lorong 22 have both the lowest PSF and rent. Within the study area, the farther a property is located from the red-light district, the higher the PSF and rent.
Another finding is that the existence of Singapore's red-light district affects property markets to a greater extent than rental markets. Because the study area is relatively small, properties that are located in Geylang 1, Geylang 2 and Geylang 3 basically share the same or similar neighbourhood amenities such as schools, restaurants, hospitals and recreational attractions. Geographically, Geylang 3 could be considered a mirror of the combination of Geylang 1 and Geylang 2. The differences in the PSF and the rent between Geylang 3 and Geylang 1 reflect the spatial impact of being located in the red-light district. For properties that are located in Geylang 3, the difference in the PSF between two markets are around 6.4%, which is much higher than properties that are located in Geylang 1, 2 or 4.
However, from historical perspective, it might be that the real estate prices were low at the beginning, which then caused single men to move there but subsequently caused prostitutes to become active in the area. Therefore, lower prices might have contributed to redlining historically 3 . But given the current situation with redlining practice, this paper find that, this is a negative relationship between redlining and purchases prices, as rent prices are not affected by financial constraints but purchase prices are.
